The background o f t h e F-16 program i s presented, h i g h l i g h t e d w i t h a d i s c u s s i o n o f t h e m u l t i n a t i o n a l aspects o f t h e procurement. A f t e r a general pres e n t a t i o n o f t h e a i r c r a f t i t s e l f , t h e r e a d e r i s i n t r o d u c e d t o t h e t h r e e l e v e l a v i o n i c s maintenance concept, and t h e i t e r a t i v e process b y which i t was t a i l o r e d t o t h e F-16 Weapons System.
Abs t r a c t The background o f t h e F-16 program i s presented, h i g h l i g h t e d w i t h a d i s c u s s i o n o f t h e m u l t i n a t i o n a l aspects o f t h e procurement. A f t e r a general pres e n t a t i o n o f t h e a i r c r a f t i t s e l f , t h e r e a d e r i s i n t r o d u c e d t o t h e t h r e e l e v e l a v i o n i c s maintenance concept, and t h e i t e r a t i v e process b y which i t was t a i l o r e d t o t h e F-16
Weapons System. The depth o f maintenance performed a t each l e v e l i s e x p l a i n e d , a l o n g w i t h t h e t y p e o f approach used.
Background I n January 1975 t h e A i r Force s e l e c t e d YF-16, General-Dynamics e n t r y i n t o t h e L i g h t Weight F i g h t e r Program, o v e r t h e competing a i r c r a f t from Northrop, t h e YF-17. The F-16 was s e l e c t e d because i t s l o w e r a c q u i s i t i o n and o p e r a t i n g c o s t w i l l a l l o w an optimum m i x o f F-15s and F-16s t o achieve a i r s u p e r i o r i t y i n t o t h e n e x t c e n t u r y . I n
June o f 1975, t h e F-16 became a m u l t i n a t i o n a l procurement program w i t h t h e e n t r y o f t h e European P a r t i c i p a t i n g Governments (EPGs) o f Belgium, Denmark, The N e t h e r l ands, and Norway. v e h i c l e f o r t h e i r e n t r y was a Memorandum o f IJnders t a n d i n g (MOU) between t h e c o u n t r i e s s t a t i n g t h e i n t e n t i o n s o f t h e r e s p e c t i v e governments t o procure, co-produce, and i n t h e f u t u r e , s e l l t h e F-16 a i r c r a f t t o t h i r d c o u n t r i e s . The a i r c r a f t , as w e l l as most o f i t s m a j o r a v i o n i c and s u p p o r t equipment i t e m s , w i l l be produced from assembly l i n e s b o t h i n t h e U n i t e d S t a t e s and i n Europe. The Memorandum o f Understanding i n d i c a t e s t h a t t h e U n i t e d States Government w i l l procure 650 F-16 a i r c r a f t and t h e European P a r t i c i p a t i n g Governments (EPG) w i l l procure 348 a i r c r a f t . I t f u r t h e r s p e c i f i e s t h e i n t e n t i o n o f t h e Consortium t o share t h e procurement value o f t h e a i r c r a f t , i t s components and s u p p o r t m a t e r i a l , w i t h 10% o f t h e USAF procured value o f a i r c r a f t b e i n g co-produced i n Europe, 40% o f t h e EPG a i r c r a f t procurement value co-produced i n Europe and 15% o f t h e v a l u e o f any a i r c r a f t s o l d t o t h i r d c o u n t r i e s produced b y t h e European p a r t n e r s . The c u r r e n t planned t o t a l buy o f F-16s f o r t h e o v e r a l l program i s as f o l 1 ows :
The U n i t e d S t a t e s Bel g i um Denmark
The N e t h e r l ands Norway 1388 116 58 102 72
Two a d d i t i o n a l c o u n t r i e s , I r a n and I s r a e l , have signed L e t t e r s o f O f f e r and Acceptance (LOAS) i n d i c a t i n g t h e i r d e s i r e t o purchase t h e F-16.
A i r c r a f t D e t a i l
The a i r c r a f t v i t a l s t a t i s t i c s a r e : The a i r c r a f t i s p r o p e l l e d b y a P r a t t & Whitney F-100 t u r b o f a n engine, a d e r i v a t i v e o f t h e engine c u r r e n t l y used i n t h e F-15 a i r c r a f t . I t d e l i v e r s 25,000 l b s o f t h r u s t . The a i r c r a f t a c t i v e range i s o v e r 500 m i l e s and i s capable o f b e i n g f e r r i e d i n excess o f 2000 m i l e s . The F-16 s e r v i c e c e i l i n g i s i n excess o f 50,000 f e e t . I t i s armed w i t h an i n t e r n a l 20mm g a t l i n g gun and has t h e c a p a b i l i t y t o c a r r y up t o 6 AIP-9 m i s s i l e s as w e l l as o t h e r e x t e r n a l bombs and s t o r e s . I t ' s speed i s i n excess o f Mach 2.
The a i r c r a f t has an e x t e n s i v e s u i t e o f m u l t i p l e x e d a v i o n i c s subsystems. One o f t h e unique aspects o f t h e a i r c r a f t i s i t s quadruple redundant f l y -b yw i r e f l i g h t c o n t r o l system. The i n p u t t o t h e system i s a s i d e s t i c k c o n t r o l l e r on t h e r i g h t hand s i d e o f t h e c o c k p i t which a l l o w s t h e p i l o t t o f l y t h e a i r c r a f t e l e c t r o n i c a l l y through pressure i n d u c e d on t h e s i d e s t i c k c o n t r o l .

The f i r e c o n t r o l r a d a r a l l o w s t h e p i l o t t o a c q u i r e b o t h a e r i a l and ground t a r g e t s whose d i g i t a l l y s y n t h e s i z e d symbology i s then d i s p l a y e d t o him on a heads-up d i s p l a y system, a l l o w i n g him t o maneuver and a t t a c k t a r g e t s w h i l e r e t a i n i n g maximum v i s i b i l i t y through t h e h i g h bubble canopy. The s t o r e s management system a l l o w s t h e p i l o t t o d e l i v e r h i s armament i n any programmed sequence w i t h e x c e p t i o n a l accuracy. The a i r c r a f t a l s o c o n t a i n s an i n e r t i a l n a v i g a t i o n system, UHF and VHF r a d i o s , and conventional p o s i t i o n ,
n a v i g a t i o n and i n s t r u m e n t l a n d i n g equipment.
Avi on i cs Maintenance Concept
The modern, d i g i t a l l y implemented a v i o n i c s s u i t e o f t h e F-16 a i r c r a f t l o g i c a l l y r e q u i r e s complex t e s t i n g c a p a b i l i t y f o r i t s t r o u b l e s h o o t i n g and f a i l u r e d e t e c t i o n . The a v i o n i c s system i t s e l f
F-16 AIR COMBAT FIGHTER communicates t h r o u g h a MIL STD 1553 mu1 t i p l e x i n g bus. B u i l t -I n T e s t ( B I T ) systems i n t h e a i r c r a f t r e p o r t f a u l t s as t h e y o c c u r . These f a u l t s are s t o r e d i n a t a b l e i n t h e memory o f t h e F i r e C o n t r o l Computer (FCC) on t h e a i r c r a f t . Upon t h e a i r c r a f t ' s r e t u r n t o base, t h i s f a u l t t a b l e i n t h e computer can be r e a d o u t b y e i t h e r t h e p i l o t o r t h e ground crew f o r d e t e r m i n a t i o n o f what a v i o n i c s maintenance may be r e q u i r e d . A d d i t i o n a l p i l o t r e p o r t e d f a i l u r e s a r e a l s o t h e source o f i n p u t f o r maintenance a c t i o n s . The f a u l t d a t a can be d i sp l a y e d i n t h e c o c k p i t t h r o u g h t h e F i r e C o n t r o l N a v i g a t i o n Panel (FCNP)
. The maintenance t e c h n i c i a n , u s i n g t e c h d a t a and a minimum o f f l i g h t l i n e ground s u p p o r t equipment, t h e n removes t h e f a u l t y a v i o n i c box, o r L i n e Replaceable U n i t (LRU), from t h e a i r c r a f t and processes t h e necess a r y forms t o document t h e f a i l u r e . He then i n s t a l l s a spare LRU t o r e t u r n t h e a i r c r a f t t o s e r v i c e and v e r i f i e s t h e f u n c t i o n a l i n t e g r i t y o f b o t h t h e subsystem and t h e a i r c r a f t . The LRU i s t h e n processed t o t h e i n t e r m e d i a t Table I .
t i o n c a l c ul a t i o n t o d e t e r m i n e t h e o u t p u t r e p a i r d e c i s i o n , which i s a l i f e -c y c l e -c o s t number r e p r e s e n t i n g t h e r e l a t i v e magnitude o f t h e c o s t o f implementi n g t h a t l e v e l o f maintenance. The general i n p u t s and o u t p u t s o f t h e ORLA model a r e g i v e n i n
TABLE I INPUTS OUTPUTS F a i l u r e Rate Condemnation o f LRU Cost o f Spares R e p a i r a t Organi z a t Le v e l Cost o f R e p a i r Labor R e p a i r a t I n t e r m e d i Labor Hours Level
Cost o f Support S p l i t Level R e p a i r E q u i m e n t on t e . .
O t h e r Combinations o f Maintenance o f Above O p t i o n s Support Equipment S t o c k Support Cost T r a i n i n g Cost Tech Data Cost S h i p p i n g Cost Three Levels o f Maintenance As i m p l i e d by t h e ORLA d i s c u s s i o n above, t h e F-16 employs a t h r e e l e v e l maintenance approach, o r g a n i z a t i o n , i n t e r m e d i a t e , and depot. The o r g a n i z a t i o n a l l e v e l , o r f l i g h t l i n e maintenance, c o n s i s t s o f those t a s k s o r i e n t e d t o w a r d r e t u r n i n g t h e a i r c r a f t t o f u l l y m i s s i o n capable s t a t u s . Removal and replacement o f LRUs i s t h e p r i m a r y maintenance a c t i o n r e l a t e d t o a v i o n i c systems.
The i n t e r m e d i a t e l e v e l o f a v i o n i c s maintenance i s performed i n t h e Component R e p a i r Squadron, u s i n g t h e A v i o n i c s I n t e r m e d i a t e Shop (AIS) and o t h e r i n t e r m e d i a t e l e v e l r e p a i r equipment.
The A v i o n i c s I n t e r m e d i a t e Shop ( A I S ) i s a s e t o f f o u r a u t o m a t i c t e s t consoles, i n t e r f a c e t e s t a d a p t e r s , and s o f t w a r e necessary t o t r o u b l e s h o o t those LRUs r e p a i r e d a t t h e i n t e r m e d i a t e l e v e l . The LRU i s connected t o t h e a u t o m a t i c t e s t e q u i pment b y means o f t h e i n t e r f a c e t e s t a d a p t e r , a p a t c h panel t h a t has t h e s p e c i f i c connectors req u i r e d t o i n t e r f a c e w i t h t h e a v i o n i c s LRU. t a s k o f t h e A v i o n i c s I n t e r m e d i a t e Shop i s t o conf i r m t h e f a i l u r e and f a u l t i s o l a t e t o t h e c i r c u i t c a r d ( c a l l e d an SRU) w i t h i n t h e LRU. ( F o r a d d i t i o n a l d e t a i l , see t h e companion a r t i c l e on t h e F-16 AIS.)
The SRU i s removed and a spare i s i n s t a l l e d . The LRU i s t h e n performance t e s t e d t o v e r i f y t h e r e p a i r a c t i o n .
The t h i r d l e v e l o f maintenance i s t h e depot l e v e l , The SRU from t h e i n t e r m e d i a t e l e v e l i n most cases i s r e t u r n e d t o t h e depot where i t i s i n t u r n f a u l t i s o l a t e d on depot a u t o m a t i c t e s t equipment i n o r d e r t o determine t h e f a u l t y components on t h e c i r c u i t c a r d i t s e l f . (The depot t e s t e q u i pment i s a l s o d i s c u s s e d i n d e t a i l i n a companion a r t i c l e . ) r e p a i r e d a t t h e i n t e r m e d i a t e l e v e l due t o The Those LRUs w h i c h e i t h e r cannot b e SRU REPAIR equipment f a i l u r e o r o t h e r f a c t o r s , o r those d e s i g n a t e d by t h e ORLA p r o c e s s f o r depot r e p a i r a r e a l s o r e t u r n e d t o t h e depot.
The combination o f o r g a n i z a t i o n , i n t e r m e d i a t e and depot l e v e l r e p a i r o f b o t h LRUs and SRUs was a r r i v e d a t a f t e r e x t e n s i v e a n a l y s i s and t r a d e s t u d i e r conducted b y General Dynami cs . There were many i t e r a t i o n s o f li f e c y c l e c o s t model s w h i c h a r r i v e d a t t h e c u r r e n t m i x t u r e o f r e p a i r l e v e l s . These s t u d i e s c o n c l u d e d t h a t t h e r e was indeed a l e a s t c o s t m i x somewhere between r e p a i r c o m p l e t e l y a t t h e depot and a t o t a l f i e l d r e p a i r concept. I n g e n e r a l , t h o s e LRUs t h a t were found t o be most e c o n o m i c a l l y r e p a i r e d a t t h e base l e v e l were t h o s e LRUs o f h i g h c o m p l e x i t y and h i g h c o s t . The l o w e r demand and l o w c o s t LRUs, i . e . , t h e s i m p l e r , more r e l i a b l e e l e c t r o n i c s systems, a r e more e c o n o m i c a l l y r e p a i r e d t h r o u g h a r e t u r n t o depot concept, because i t i s cheaper t o b u y spares and " f i l l t h e p i p e " t h a n i t i s t o f i e l d and m a i n t a i n t h e s u p p o r t equipment.
The c a p a b i l i t y o f t h e AIS consoles themselves was determined by an aggregate group o f a l l o f t h e a v i o n i c LRUs a s s o c i a t e d w i t h t h e F-16 a i rc r a f t . The i n i t i a l i n v e s t i g a t i o n r e v e a l e d Once t h e investment was made i n t h e t e s t c a p a b i l i t y f o r t h e complex LRUs a s s o c i a t e d w i t h t h e a i r c r a f t , t h e c a p a b i l i t y t o t e s t t h e s i m p l e r LRUs was i n h e r e n t i n t h e investment. Each o f t h e o v e r 100 LRUs was then s u b j e c t e d t o t h e p r e v i o u s l y discussed Optimum Repair Level A n a l y s i s t o determine whether i t would b e r e p a i r e d i n t h e f i e l d o r a t depot l e v e l , u s i n g t h e same automatic t e s t equipment a t b o t h l o c a t i o n s where c o s t e f f e c t i v e .
EPG Maintenance Concept
Because o f t h e i r d e s i r e f o r maximum s e l f s u f f iciency a t t h e base l e v e l , the European P a r t i c ip a t i n g Governments have adopted a s l i g h t l y d i f f e r e n t maintenance concept w i t h r e s p e c t t o t h e Avionics I n t e r m e d i a t e Shop. As p r e v i o u s l y e x p l a i n e d t h e r e are some LRUs assigned f o r t e s t i n g on t h e A v i o n i c s I n t e r m e d i a t e Shop equipment f o r t h e U n i t e d States o n l y a t depot l e v e l . This c a p a b i l i t y f o r t h e EPGs ( t h e a d d i t i o n a l I n t e r f a c e Test Adapters and s o f t w a r e ) w i l l be p l a c e d a t each F-16 o p e r a t i n g base i n o r d e r t o r e t a i n t h e i r l o c a l f l e x i b i l i t y t o r e p a i r LRUs on s t a t i o n .
Summary
The a v i o n i c s maintenance concept development f o r t h e F-16 i s an i t e r a t i v e process. Decisions are made based on t h e b e s t economic approach, y e t t e s t c a p a b i l i t y i s r e t a i n e d t h a t a l l o w s a r e v e r s a l i n those i n s t a n c e s where t h e phased m a t u r a t i o n o f t h e weapons system d i c t a t e s t h e change. The F-16 w i l l c a r r y t h e defense f o r c e s o f many c o u n t r i e s i n t o t h e n e x t c e n t u r y , and t h e development o f a workable maintenance concept i s a c r i t i c a l element o f l o g i s t i c s s u p p o r t p l a n n i n g f o r e n s u r i n g t h a t defense c a p a b i l i t y .
